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Void induced coronene C23H12++ was suggested to be a possible carrier of the astronomically observed polycyclic 
aromatic hydrocarbon (PAH), which shows unique molecular structure with carbon two pentagons connected with five 
hexagons. Well observed astronomical infrared spectrum from 3-15μm could be almost reproduced based on density 
functional theory. However, there remain several discrepancies with observed spectra, especially on 11-15μm band 
weaker intensity. Observed 11.2μm intensity is comparable to 7.6-7.8μm one. Methyl-modified molecule C24H14++ 
revealed that calculated peak height of 11.4μm show fairly large intensity up to 70-90% compared with that of 
7.6-7.8μm band. Also, nitrogen atom was substituted to peripheral C-H site of void coronene to be C22H11N1++.  
Pentagon site substituted case show 60% peak height. This molecule also reproduced well 12-15μm peak position and 
relative intensity. Vibration mode analysis demonstrated that 11.3μm mode comes from C-H out of plane bending. 
Heavy nitrogen plays as like an anchor role for molecule vibration. 
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1, INTRODUCTION 
Interstellar organic material is a key issue to find a missing link between basic astronomical carbon material and 
biological components on the earth. It was so called “organic chemical evolution in space”. Interstellar dust show 
mid-infrared emission from 3 to 20μm. Discrete emission features at 3.3, 6.2, 7.6, 7.8, 8.6, 11.2, and 12.7μm are 
ubiquitous peaks observed at many astronomical objects (Ricca et al. 2012; Geballeet al. 1989; Verstraete et al. 1996; 
Moutou et al. 1999; Meeus et al. 2001; Peeters et al. 2002; Regan et al.2004; Engelbracht et al. 2006; Armus et al. 
2007; Smith et al. 2007; Sellgren et al. 2007).  Current understanding is that these astronomical spectra come from 
the vibrational modes of polycyclic aromatic hydrocarbon (PAH) molecules. Concerning PAH spectra, there are many 
experimental (Szczepanski & Vala 1993a; Schlemmer et al. 1994; Moutou et al. 1996; Cook et al. 1998; Piest et al. 
1999; Hudgins& Allamandola 1999a, 1999b; Oomens et al. 2001, 2003, 2011;Kim et al. 2001) and density functional 
theory (DFT) based theoretical analysis (de Frees et al. 1993; Langhoff 1996;Malloci et al. 2007; Pathak & Rastogi 
2007; Bauschlicher et al.2008, 2009; Ricca et al. 2010, 2011b, 2012).  
 The current central concept to understand the observed astronomical spectra is the decomposition method from the 
data base of many PAHs experimental and theoretical analysis (Boersma et al. 2013, 2014). Recently, Tielens (Tielens 
2013) discussed that void induced graphene like PAH’s may be one of candidates of emission source. In a previous 
paper (Ota 2014b), as an example of typical PAH, void induced coronene C23H12++ was studied using DFT calculation 
method. Remarkable result was a similar IR spectrum tendency with astronomically well observed one. Detailed 
vibrational mode analysis was also opened (Ota, 2015). Such results suggested the existence of a limited set of 
survived molecules in a harsh environment in space. However, there remain several discrepancies with observed 
spectra, especially on 11-15μm band weaker intensity. Observed 11.2μm intensity is comparable or larger than 
7.6-7.8μm one. The aim of this paper is to modify void coronene in order to increase 11-15μm intensity. Here, methyl 
(CH3) and Nitrogen were tested to modify void coronene. Fairly large increase of IR intensity was obtained. 
Vibrational mode analysis was also done. 
 
2, CALCULATION METHOD 
We have to obtain total energy, optimized atom configuration, and infrared vibrational mode frequency and strength 
depend on a given initial atomic configuration, charge and spin state Sz. Density functional theory (DFT) with 
unrestricted B3LYP functional (Becke 1993) was applied utilizing Gaussian09 package (Frisch et al. 2009, 1984) 
employing an atomic orbital 6-31G basis set. The first step calculation is to obtain the self-consistent energy, 
optimized atomic configuration and spin density. Required convergence on the root mean square density matrix was 
less than 10-8 within 128 cycles. Based on such optimized results, harmonic vibrational frequency and strength was 
calculated. Vibration strength is obtained as molar absorption coefficient ε (km/mol). Comparing DFT harmonic 
wavenumber NDFT (cm-1) with experimental data, a single scale factor 0.965 was used. Based on experimental data 
(Hudgins et al. 1998, Ono 2010), suitable scale factor was obtained as figured in Appendix 1. It is 0.7% larger than 
often used factor 0.958 (Ricca et al. 2012). For the anharmonic correction, a redshift of 15cm-1 was applied (Ricca et al. 
2012).  
 Corrected wave number N is obtained simply by N(cm-1) = NDFT(cm-1) x 0.965 – 15 (cm-1).   
Also, wavelength λ is obtained by λ(μm)= 10000/N(cm-1).  
 
3, MOLECULAR STRUCTURE 
  
  Molecular structures were illustrated in Figure 1.  Pure coronene C24H12 as (A) is non-magnetic (Sz=0/2) having 
D6h point group symmetry. Carbon single void was created at marked site by red circle. There are six unpaired 
electrons, which means multiple spin state capability of Sz=6/2, 4/2, 2/2 and 0/2. Most stable one was singlet state 
Sz=0/2 (Ota 2015). Such a void brings quantum mechanical distortion by the Jahn-Teller effect (Ota; 2011, 2014a, 
2015). It is amazing that there cause bond-bond reconstruction. We can see carbon two pentagons connected with five 
hexagons as illustrated in (B) C23H12++ with point group symmetry of C2. Figures show tilt view of molecule image. 
Modifying peripheral part by CH3- additive, structure changes like (C) C24H14++ (C23H11-CH3 ++). Also, substitution by 
nitrogen atom was supposed as like (D) C22H11N1++, where nitrogen atom is blue ball. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Tilt view of typical molecules. By creation of single void and two electron detachment, pure coronene (A) 
C24H12 was deformed to (B) C23H12++.  Peripheral carbon site is modified by methyl (CH3-) as shown in (C).  
Also, peripheral carbon is substituted by nitrogen atom as like (D). 
 
4, MID-IR SPECTRA  
 
In Figure 2, on a top box, observed spectra from four sources (Boersma et al 2009) were illustrated to compare 
calculated results. Harmonic wavelength and intensity of molecule (B), (C), and (D) were shown by red diamonds. 
Vertical value show integrated absorption coefficient ε (km/mol) for every calculated harmonic frequency. Blue curve 
shows Lorentzian type distribution with the full width at half-maximum (FWHM) of 8cm-1 based on the harmonic 
intensity. Vertical value of blue curve is relative and not exactly shown to avoid complexity. Concerning original void 
induced coronene (B) C23H12++, spectrum behavior from 3-15μm was almost similar with observed one. However, there 
remain several discrepancies with observed spectra, especially on 11-15μm band weaker intensity. Observed 11.2μm 
intensity is comparable or larger than 7.6-7.8μm one. In CH3-modified case (C), we can see an improved spectrum 
especially in a region from 11 to 15μm. Calculated peak height of 11.4μm show fairly large intensity up to 70-90% 
compared with that of 7.6-7.8μm band.  Extra influences were observed as a disappearance of 8.6μm band, and extra 
band at 3.4μm accompanied with 3.2μm. We need careful check with precise observation (Chiar et al. 2000, Steglich et 
al. 2013). In nitrogen-substituted case (D) C22H11N1++, we could also see an improvement of 11.3μm peak. Pentagon 
site carbon substituted case (C22H11N1++ -b) show 60% peak height compared with 7.6μm peak. This molecule also 
reproduced well 12-15μm peak position and relative intensity. We can see large 8.6μm peak and 3.2μm single peak, 
that is, there are little bad influence compared with case (C). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Comparison between the observed four sources flux (Boersma et al. 2009) and the calculated infrared 
spectra of typical void induced and modified coronene family.   
                               5, NITROGEN SUBSTITUTED VOID CORONENE 
 
 Nitrogen substitution to different carbon position was compared. Typical four position were illustrated on top of 
Figure 3, that is, pentagon part of -a and -b, also hexagonal part of -c and -d. In case of (C22H11N1++ -a), the increase of 
9.3μm peak was recognized, but there appear extra peak at 7.2, 9.0μm. In hexagonal carbon site substituted case 
(C22H10N1++ -c), only three main peaks were observed at 6.3, 7.5, and 11.5μm, which may not simulate the well 
observed spectrum. Hexagonal C-H site substituted case was shown in (C22H11N1++ -d), where there are complex peaks 
from 7-13μm which show no good coincidence with observation. Again, (C22H11N1++ -b) show fairly large 11.3μm peak 
and reproduced well 12-15μm behavior, large 8.6μm peak and 3.2μm single peak. Comparing these four candidates, 
case (C22H11N1++ -b) was a better one. Through these examples, we could recognize delicate influence of substituted 
site on PAH. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Infrared spectra of nitrogen substituted void coronene. Depending on substitute site (a, b, c and d), detailed 
behavior changes. Most promising candidate is site-b substituted one. 
 
  
 
6, VIBRATIONAL MODE ANALYSIS OF (C22H11N1++ -b)  
 
 All of harmonic frequencies and IR intensities of a promising molecule (C22H11N1++ -b) are noted in Appendix 2. 
Among them, strong intensity major vibrational modes were analyzed in Table 1. Features are, 
(1)3.19μm: C-H stretching mode at nitrogen substituted pentagon site. 
(2)6.45μm: C-C stretching at all hexagon sites. 
(3)7.1-7.6μm: C-C stretching and C-H in-plane motion 
(4)8.7μm: C-H in-plane motion  
(4)11.3μm: C-H out-of-plane bending 
(5)12.4-15.1μm: C-C stretching  
It should be noted that substituted nitrogen is heavy than carbon and play an anchor like role for molecular vibration.  
These vibration mode features are almost similar to common PAH mode analysis on a review paper (see page 1028, 
Tielen; 2013)
 
 
Table 1. Vibrational mode analysis of C22H11N1++ -b 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                         7, CONCLUSION 
 
Modeling a promising carrier of the astronomically observed polycyclic aromatic hydrocarbon (PAH), void induced 
coronene C23H12++ was modified by methylene and nitrogen.  
(1) Density functional theory based harmonic frequency analysis was done using a scaling factor of 0.965 to compare 
experiments. 
(2) Well observed astronomical infrared spectrum from 3-15μm could be almost reproduced by C23H12++. However, 
there remain several discrepancies with observed spectra, especially on 11-15μm band weaker intensity. 
Observed 11.2μm intensity is comparable with 7.6- 7.8μm one. 
(3) Methyl-modified molecule (C24H14++) revealed that calculated peak height of 11.4μm show fairly large intensity 
up to 70-90% compared with that of 7.6-7.8μm band.  
(4) Nitrogen atom was substituted to peripheral C-H site of void coronene to be C22H11N1++.  Pentagon site 
substituted case show 60% peak height compared with 7.6μm peak., which also reproduced well 12-15μm peak 
position and relative intensity.  
(5) Vibrational mode analysis demonstrated that 11.3μm mode comes from C-H out of plane bending. Heavy nitrogen 
site acts as like an anchor of molecule vibration. 
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